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A lattice study of A5 semileptonic decay 
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We present results from a lattice study of the semileptonic decay Af, — > A c lvi. We use 0(a 2 , a s a 2 ) improved 
quenched lattices of the MILC collaboration, with lattice spacing ~ 0.13 fm. For the valence quarks, the tadpole- 
improved clover action is used, with the Fermilab method employed for the heavy quarks. Form factors are 
extracted from the vector as well as the axial- vector part of the current. 



1. INTRODUCTION 

Current knowledge of the CKM matrix element 
V c b is derived from the mesonic decays B — > D*lv 
or B — > Dlv. Experimental knowledge of the 
A5 semileptonic decay can lead to an indepen- 
dent estimate of V c b if the effect of the strong 
interaction in the decay are understood, e.g., via 
lattice QCD. A first lattice study of the bary- 
onic semileptonic decay was performed by the 
UKQCD collaboration p^. We report our initial 
results for the dominant form factors of this de- 
cay. 

The semileptonic decay Aq — > KqiIv can be 
parametrized in terms of six form factors, Fi and 
G h for i = 1, 2, 3. 
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Here is the weak current and r, s are polari- 
sation states of the baryons. Since both Af, and 
A c are hadrons containing a single heavy quark, 
heavy quark effective theory (HQET) is applica- 
ble 0. Hence the matrix element is taken be- 
tween baryons of a given velocity, and the form 
factors are functions of the scalar to — v ■ v' . 
To leading order in HQET, the combinations 
Fi + v F 2 + v' Q F 3 and G\ involving the dominant 
form factors F\ and G\ can be written in terms 
of a single function, called the (baryonic) Isgur- 
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Wise function, This function is normalised 

at zero-recoil, £(1) = 1. 

2. SIMULATION PARAMETERS 

The simulations are performed on the Asqtad 
quenched lattices at (3 — 8.00 generated by the 
MILC collaboration 0. These are 0(a s a 2 ) im- 
proved 20 3 x 64 lattices, with a' 1 = 1.33 GeV, 
as determined from m p . We use three light 
quark masses near the strange quark mass, k; = 
0.1343, 0.1333, 0.1323. Two heavy quark k values, 
0.104 and 0.114 bracket the charm quark, and 
other two, 0.064 and 0.077 bracket the bottom. 
We use the clover action for the valence quarks, 
with a tadpole improved clover coefficient. The 
value for the tadpole improvement factor uo is 
taken from the Landau gauge fixed mean link. 
Fermilab formalism is used for the heavy quarks. 
Results are presented for 300 lattices for two- 
point functions, and 237 lattices for three-point 
functions. 

3. TWO-POINT RESULTS 

The dispersion relation is shown in Fig. ^ 
The fitted energy values agree very well with the 
expectation from the lattice dispersion relation. 
The chiral extrapolations for a fixed heavy quark 
mass are shown in Fig. The baryon kinetic 
mass M 2 is estimated as M 2 = Mi + m 2 — mi, 
Where M 2 n) and m 2 (i) are the baryon and heavy 
quark kinetic(rest) masses respectively. We use 
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Figure 1. Dispersion relation for ^=0.114, m = 
0.1323/0.1323. The E here is E x , the parameter 
obtained from exponential fits. The line shows 
the lattice dispersion relation. 

a linear fit for these extrapolations. In Fig. 
we have shown the chirally extrapolated baryon 
mass as a function of the heavy quark mass, along 
with the coresponding meson masses taken from 
the MILC collaboration. Our values for m^ b and 
m Ac are 5.626(36)GeV and 2.300(27)GeV. 

4. THREE-POINT RESULTS 

Different form factors contribute to different 
matrix elements in the three-point function. For 
l-i = 0, the dominant contribution to three-point 
functions comes from the vector form factors and 
for )jl = i, axial- vector form factor G% gives the 
dominant contribution. We present results for the 
Isgur-Wise function from vector as well as axial- 
vector data. Ab is created at time and A c is 
annihilated at time t x = 16 in lattice units. The 
time at which the current acts is varied, and we 
study three-point function as a function of this 
time t y = t. For the results presented here, the 
intial baryon is at rest and the final baryon is 
moving with different velocities giving different 
values for u. On the lattice, one is restricted to 
region near ui = 1 as data starts getting noisy for 
high momenta. In this region, v' can be approx- 
imated by 1. Then for an initial baryon of mass 
M' decaying to a final baryon of mass M moving 
with a momentum q, if we consider the sum of the 
co-efficients of I and 70 , for large t y and t x — ty, 
the three-point expression simplifies to 
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Figure 2. Chiral extrapolations of the measured 
heavy baryon masses to the u quark. We have 
used the light quark kinetic mass m,2 for the fit. 




Figure 3. The heavy baryon mass, plotted as 
function of the heavy quark mass. Also shown are 
the heavy-light meson masses, taken from stud- 
ies of the MILC collaboration. The bursts corre- 
spond to the b and c quark. 
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Figure 4. Isgur-Wise function from the vector 
current. Khi is 0.114 for all these points, and 
the points corresponding to four different Kh are 
shown with four different symbols. 
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Figure 5. Isgur-Wise function from the axial- 
vector current. As before, Khi is 0.114 for all these 
points, and the points corresponding to four dif- 
ferent Kh are shown with four different symbols. 

C U \ — Z l Z 's(\o\) -t*M' (M'-E)t„A M l 

^ [ty) ~ WM'E 6 6 

{F 1 (u;)+F 2 (lj)+F 3 (lj))2{E + M), (2) 

where Zi and Z' s are known from the two-point 
functions. We fit this to a form Ae~ Bt and con- 
sider the ratio 

A[(M',6) -> (M, q)} _ ( Fx (uj) + F 2 (lu) + F 3 (lo) 
A[(M',0) 



(M,0)] V F 1 (l) + F 2 (l) + F 3 (l) 

Z'M > 



2E 
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First factor on the RHS is 2 the Isgur-Wise func- 
tion £qq'. The second and third factors are 
known from the two-point functions. The third 
factor may be approximated by 1 to 0.5 per cent 
accuracy. The second factor differs from 1 by 
upto 10% over our range of q. The ratio is inde- 
pendent of the renormalization constant Zy be- 
cause we have the same heavy quark transition in 
both numerator and denominator. 

Our results for the Isgur-Wise function from 
the vector current are shown in Fig.0J The Isgur- 
Wise function obtainted from the axial-vector 
current {ji = i case) is shown in Fig. The 

2 We follow Ref. in using this definition. This way of 
defining the Isgur-Wise function agrees with the conven- 
tional definition up to C?(l/m) corrections, which are fur- 
ther multiplied by For the small momenta accessi- 
ble on the lattice, £ is a very good approximation to the 
baryonic Isgur-Wise function. The suffix QQ' emphasizes 
that the infinite mass limit has not been taken. 
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Figure 6. Isgur-Wise function for Ki = 

0. 1343.0.1343, and m = 0.1323/0.1323, our high- 
est and lowest values for ki- 

Isgur-Wise function seems to be quite insensitive 
to the heavy quark mass. 

We have also studied the light quark mass de- 
pendence of the Isgur-Wise function. The Isgur- 
Wise function is expected to fall slower for smaller 
light quark masses, by a heuristic argument. We 
do see such a trend in this preliminary study, but 
it is very far from clear with the statistical errors 
we have. This is shown in Fig. 

The calculations were done on the IBM SP at 
Indiana University. We gratefully acknowledge 
the hospitality of the Fermilab Theory Group. 
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